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(54) METHOD FOR DETERMINING NUCLEIC ACID BASE SEQUENCE 
(57)Abstract 

PURPOSE: To provide a method enabling the determination of the base 
sequence of a nucleic acid in a short time. 

CONSTITUTION: An oligonucleotide containing all (k) base sequences 
as a primer is fixed in each column. An unknown single strand nucleic 
acid to be examined is added to each column of a capillary plate CA 
containing the primer in each column to effect the hybridization of the 
primer with the specimen nucleic acid in each column. Each column is 
incorporated with 4 kinds of dNTP together with a DNA polymerase as a 
catalyst A base complementary to each base of the specimen nucleic 
acid hybridizes with the base of the specimen nucleic acid from the 5' 
to the 3' direction of the primer to cause an extension reaction of the 
primer in one direction. The extension length is measured to identify the 
bonded primer and the bonding position of the primer and the specimen 
nucleic acid. 
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««»»Sr*i-5«^*S:»*-f5» 1 WIS* , 
frfcKftfcHWfcioitT, ffiEttttttttfrftSl:: LfcT* 

iat, 

E«^«K«SE?iJ^^*fe„ 
[§I**I3] SlF!E^3©ISIcj3lt57*7i'-v— 

^SSo^ * u*?- KS Jills ^ KSHSl*A»f> 
iggfLTttn y ^KSrAPS iKJSS-eTATPSrijsS 

iScO^Se^SE?'J^S*fe. 

l'*f-\ t =9>m ( d NT P) frffl*.?tttt&£&t*I! 
^»3«iefcfctt57 , 7'i^--©#3E*&» ffifftg 

&#»i:-*-5»#8 1 ^E«rottB!ElftSEMft3e*ife. 
[000 1] 

[0 0 0 2] 

DNAO«USEMttS anger t,©-^ 
7^=* HE (Sanger, 

F. , Nicklen, S. and Coulso 
n, . A. R. , Proc. Natl. Acad. Sc 
i . USA 7 4:5 4 6 3-5 4 6 7, 1 9 7 7 ) R 
t/Ma x am-G liber t <Oit¥$Mfe (Ma x a 
m, A. M. a n d Gl iber t, W. Proc. 
Na t 1 . Ac a d. S c i . USA 74:560- 
5 6 4, 1 9 7 7) ©2o#Hflfc£Jx-cv$. V*-Tfi 



^$ft5.fc?|cLT£$t>t<ll#JS?L*:&. 
£>ffi*C£*ll®%£<o&9l$K*tto rtf < r t fc J: ») 

Ej»*«Mi-a. ztiL><Dj;mm&£tixm&\zm<3 

**OB»Mi*AfrKLTV*fc. Aro^/'A (ft 3 0 

[0 0 0 3] r<Dj:3fc3iUv£j!fc©loiLTs e q 
uencing by hybrization(SB 
H) tei itfH5t0^tl l 8*HT^5 (Bains, 
Wand Smith, G. C. J. Theor. B 
iol. 1 3 5:3 0 3-3 0 7, 1 9 8 8;Dar 
mance, R. , Labat, I. , Brukne 
r, I. and Crkvenjakov, R. , Ge 
nomics 4:114-128, 1989),, 

[0 0 04] Z<D5$a.<Dmm*. $&DNAW&£E?lJ 

Koffl/SF* ^feS?lJ*^-f5 w t feS. fift 
^tfcDTA^'y XAIiJ: < /<X/UT-£^(t§ia^-gi 
•f OPflja»w»Jf$4%5 (Pevzner, P. A. 
J. Biomol. Struct. Dyn. 7:63- 
73, 1 9 8 9), Pevzner?) (1991) li, 
ft £ k Mwt y =r* * u^-^ KffljsfeSrSK 9 5 %<om 
^T*&;t-C# 3D NAcOft 5 \s-*sa y\z.£ 0 

#tf>T^5 (Pevzner, P. A. , Lysov, 
Y. P. , Khrapko, K. R. Belyavsk 
ii,A. V. .Florent ev, V. L. a 
nd Mirzabekov, A. ,J. Biomo 
1. Struct. Dyn. 9:399-419, 1 
9 9 1). fiSRtf, 6 5 5 3 6il<? fe^ft$ 8i&&<D* 
y u^-f- KfcffiV^i, 01 0fcij<1M:5fc, £<j 
1 8 0tt£ODNAtt£E8ffrS?!lft£-C$ 3 0 H^cd 

F"?r£aj1- 0 8EoT8tS^ tttttttt-ttfcSft 
##)1 8 0*:iBx.5»ttSci(!S:2fif*t$-fr5i irllT'f 4 
lr\ w©tt£, ^y=*5?^U^K»!6 5 5 3 6 

•5 (^O^feli, sequencing by hyb 
rization with oligonucleo 
tide ma tr ix (SHOM) fetWixS, ) 
[0 0 0 5] 

Ufc S B H/ S H OMffilril 2 <t|BJjB^J 
38:647-657, 1 9 9 3). 1 Oli^feS: 
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< X , it ]) ? is 

$«S&fc£*ftftv*E?J£T-g3WJ»£fc£*Tb£ 5 sr 
Ett#*>5. t>?loli, ^5i§tE?iJ (XltlDC** 

* u*? 1 KEW*qi**S';h,T^Stfafctt, £$t£& 

t+»Tyu=r y xuzzzmitnix-m <o s 

[0006J «k9iRLEJlJtt*V^SBHft-C 
\±Z<r>%Mffl*-&mz.$kfc1rZ> z b #*"TE4#& 

[0 0 0 7] mMm* [ATGAT] X'bib 

w©tttt»»©ffl#E*!ll±. 
[AT G] , [TGA] , [GAT] <D3oT'hZ>Zk 
££5. L75>U iW3orofS^E?iJSrS?9$-e-5r t 
fcJ:9 5c©EflI**JfcL.J:5 4-*-$i:, &&»g?©i££ 
EHfcli, 

(«#1) 

ATG 
TGA 
GAT 

£, 

($62) 

GAT 
ATG 
TGA 

W2»!>©»frit**.bix5. iot, SBHffiT-li- 
K»lwftSttlUIOE?IIS:»)£-(?#*v^i:45. 
[0 0 0 8] ZLX, SBH/SHOMfttt, iftbro 

#ft£M©Efll*J6*ifcfc <t 9 t>fegki;:«3R$|iq;»{jsi8 
ixe>«stottSE?(Sr»*-e# 5 r t *sa*n5. 

[0 0 0 9] £©J:5fcniIl::E*T*3;h. 
£fc©-e*>0, aitlwasoJftSEMtftJEi-Sii:^ 
TOfcWMI&EHfc£&*«{|t1-3 r 1 Sft 

[0 0 10] 

•*-5tO-C*>9, -S«W^gKo*gSE?iJ*^*ffi 
fcfc^T, *fto|l«fcMirfcfc»ltLTEE*iifc 

a^ffi^JwEH^iifc-tix^ixro^fric, ^-g-ffcoil 



3 '*iS]^<D#5SS^5rff p^2<0ISi> 774*7- 
[00 11] 

[flUB] ro*7lc;Men£ffsmraE?tfft£#8: 
wttc^UTEE$ixfc7 , 7>C^-i:a^KtSr^ 

+5. :Jil:Jc9, *ft9W£KEE$h.fc*frFJi«> 

7? 4 *7-<»fo&ttrt£fr%77 4 *7- b&1fk&&0)te 
^oTV^^cOT-, 774*7- ©^£E?iJ^V^^5- 

[0 0 12] raj: 5ft, «*©ffl«tt#7*J! 

t l < »i -> y n vM©*m^ * * + f5 y - 

&.Zitft774*7-m±tfm$*)&?zt1>Vj:\,\ Zo> 
£0****7 9 -7l>-hm#;b UTI4, ttftttE© 

fc, C©i pft=Jf-+t'7y-7'U- h(D=>7A|±, -is: 

<ox\ ^7^ftiz774*r-^m®Mm%t'o)mfrzm 

5>lw, fe^^i!s©->— y>">^^c>E^*»t>l±7*7i'^ 
[0013] *fc, w©±3 4#3B*©fctiJ2rjfcfc|i, 

K^ffilft^t)®BiLfct 0 n y ^&£AP S tSJ5$*T 
ATP$r4^L, :©ATP©^7x7-gRjj;|:fls 
5 ***Srttffl-*-5 r 1 1 «t 9 5 3 1 b LT t X. \\ 
zixlzxv^ %%.&\t®&&\zit&itZO)X\ W&L1t 
&Zb774*7-bmM®ko>m£tiLiB.z*ibz )Z .b, 

[ooi4] K2©iat*5i»Ta»aa©5c^ 
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^f-KHJlvB ( d NT P) *MZ.X&tiim&i:&W. 
T, #$5Lfc7*7^-o£7fc7^/i';>>bro$g7fc#&& 

[0 0 15] 

(* l 

(1) *i\ Baifc*1-J:54*»©="5A*r*1-53tr 

BH/SHOMjfetPltRlw7 , 7'f-7-i: LTiTWkt 
£ (iRlHrtT-liA, T, G, COiT©fi^fotm3 
mer, 1"&;b*>, 64=7^) <7?KJiJ££ip;J- !> = * 

[0 0 16] (a) ZtUbO*!) =f-*-li. fiajitf, 7 
7*7^ K /<-f * > 7.7^^^(73 3 8 1 AS&fcifWg 



Bi 



X? 



/ 



B 



\ 



\ 



\J 



[00 17] (b) ZLXZ<DS:?\ZLX&&L1t77 

[00 1 8] ®#37i.rtlc;T$ y (-NHj) g£@ 
Z<D®fc\m. £1% ^■vt , 7y-7*U-hC 
A<03 7Ajaft©a7>fc-77>*£JSU 

£*-7> (*s-^« T-l 6 0t:SgT-<-7l-5. 

[0019] ©il>ClCg!gi^gg-C-^t7t7 , 7^ 
0 5 -iBtTSy (-NHj ) SSrtttts. rntt, 7* 
7-Y-7-ICH 2 N (CHj) 2 NH 2 bji—tf^MS. K 

(carbodiimide) (pH6) 
5 It Kit) 5 '*HtNH- (CH 2 ) j -Hj N£@ 

[0020] r ©KfciiEtTwRi&^fca 

[00 2 1 ] 



Bn 



OH 



H2N(CH2)zNH2 
Carbodiimide 
PH6.0 




[0 0 2 2] ® T $ / (-NH 2 ) 

*S-aT6^'<l'77>7->3 7-/W7n7y VfS— 
li, ^t^v'^f^/U ^7- h (d i s u c c i n 
imidyl suberate) 

[0 0 2 3] 

Ut2] 



N-0-C-(CH2} 6 
0 



— C-0-N J 



// 
0 



[0 0 2 4] U<l4itWO*»ttH85(*:K'^^/U7^ 



£ ?T WVU — h (bis-sulfusu 

ccinimidyl suberate)] 

[00 2 5] 

Hfc3] 



11 
0 



[00 2 6] &Ztl\ZMZ.Zt 

[0 0 2 7] 

Hfc4] 
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[0 0 2 8] 

[0 0 2 9] fit, Z<D£ 5t£g&t:m^tLiMt\Z.tf7 

X. #7^-COOHS^isE<Dj:5l-f-^->=5r-f 

[0 0 3 0] ;;t\ N-/m" Kn v^Sr-f 
A- 

[00 3 1] 

[Its] 



— N-C-(CHz)€-C-N— 7atT;i/-^77 




0 
H 



[0 0 3 2] TfgmttZt. 
[0 0 3 3] 
lit 6] 



Zf77 — 0-C- 



[0 0 3 4] *s^fi£^ixs 0 wKlrtDTif bhitr^y 

[0 0 3 5] /W77y^'/3tWo^>ij 

[00 3 6] 

lit 7] 



(CH2)2 



[0 0 3 7] tLTa^i<^7^{I7-y^^-Sr@S 

[0 0 3 8] $5,1;:, TS®~(Dw^)i5rfflv^T^* < t 
<7*7'i'-7-Sr^3 7ACi (-SHS) Jr@$i-<5rt 

[0 0 3 9] 43 7AtiT-y/i-A7'h7 , Dt' 

a u t <73i*Ig 
[0 0 4 0] 

[ft 8] 



NH2 + Ci~ 



[0041] zimz&x (-shs) mmi-zzt 

tX#S, 

[0 0 4 2] WEt^^feT*fcb^i:*=S- 

7y?->ai-JU?n?. \) yfi—X'foZ ( su \ f 0 s u 
ccinimidyl-4- (N-ma 1 e i m i d o 
methyl) cyclohexane — 1 — carb 
oxylate (sulf o-SMCC) 
-£X*S< (pH7) . KSSUXOffife^ 

[0 04 3] 

lit 9) 



NaCfeS 



[0 0 4 4] X&5,, 

[0 0 4 5] (D^OJ:pllLTfitt^$-frfc7*7-i'-v- 
li (— S H3S) iK^tT^Wg^t^OT'^ #37i 
lrglJ*<7?7*7^^-^A1-5<b1-5t (pH6) , 

[0 0 4 6] 

lit 1 0 ] 



( - N -C-Q-CH2 - nQ_( S- l0Or 7D7i 

[0 0 4 7] Oi?KH*ft**t5. ^^-*5EWtTV^tOiU y A* 

[0 0 4 8] ft*. Bl©*+tf7!>-7*u-hCA© -CttWJ, ftAt5W (77^-) OSSgft* 
= 7AT-li, B2Kv1-*yrfj«^u^K|MtT> , 5 SMELT. a^Artteft^^B^bO^^^-tt 



(6) 
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T^*6<3l^^i-i 5 \z a 7 Artlr y 3% ? u±=f- yti 
mfeZtlZZtlZtm (RHf-Ctt. 7*7-<v-|j: [c 
CC] ) . 

[004 9] (2) *UT. :©J:?iaT/7^-7- 
= 7 A @£ $ ftfc t°7 !i -7* U- V C A <0 
#="7Art (tfiRtf, [GAC] <D=iyA) \zm%>(D- 

(Mill I£E^! [AGCTGCT 
A] t1--5 0 ) £#D;13 (03 (b) ) . 

LTftV^S-f. -t LT, =7Artt^li, &.TO#9*1 
—fe'EJSis 4. UVu -> 7 x 7 -if Rj£*t R it fc*T fc>Jx 3 J: 
5t', L-«3< (03 (c) ) . :og« 

/K 7*^=3-7,, APS, /Wi!J^ P Hg®Si 
LT© h y 7-&gEf?, jjfy ^7— ^^-^7x7 
fcSltft (d NT P. ATPtMgf 

©$§#) &£f£1-3fcft©MgC l 2 » £j£©?S<Mi& 

T^7*U~ hy7^?-+n d NT P 
->7^7V-K- (7* 7 ^- r _ +n 

(4) A-->7^7-i?li433g3t££<o£ffl4/b 
v^dATP&WAPStSlftJiO, STJSJteEfcfc 

£fct*-X) SrJDA5rti^J:9. (1) 3g)$j«iig 

d ATP-dADP+P i 

(5) JJcli, =&37A|CATP^/U7!i 7— 
rirlritJ, ^7Art©PP i SrEiToKJS* (3) t 
^oTAPSiSfS^-frTATPti-^ (03 

PP i +APS— ATP 
ftjs, 3 7 Artl;S®LfcAP SI4, 3 7 A|rAP^./u 

[oo56] (6) ;:©&, *+t?7y-7V-hcA 

£04 fcSrf 4 b 4®^SE?iJft£^jS0DPS^D B 

14, *+tr 7 y-TV-hCAfciRIAU *»*»e>©3fe 
Sr^if1-5Bt®DBi, BffjgDBW-fllflBfcSlttfcilT 

7 d UVX-2 0A>bi^$jX5*tt'7 y -7-U- hC 
ASrjf^i-SCCDrL'fTJ^ 7 1 0 t, :©CCD* 
1 0a»6of7**«»frBfHWi-« (0Ux(4\ S3 
/WiDV+ATP + Oj 

- , t^r , Wl'i'7i y V+ AMP 



K»A»o$^ttS:l6j±$-fr5fcftro^J$t LTN a C 

[005 0] (3) Ztlt3<D&&&m*7'7'(^-h$ 
^Lfc* = 7A|C4S^©dNTP (1"*h»*>, dAT 
P, dTTP, dGTP, dCTP) SrDNA#y^7 

— vzmmt Lxw\mzmz.z> (D3 (d) ) „ ztuz 

4 9, 7*7-r-7-=-©5 'ri>t>3 '*|6)lw|4, ttttftttO 
(A ; 7r->, T;f^, G ; 7*7 = >, 

7"y*vxu 77-r-?-©-#isi#sEH£riS4i:$ 

(«3fttttH:H3 (b) fcjjrf) . 

[o o 5 i ] ttttftR («*.«, [AGCTG 

TCA] ) 14, [TGC] , [CGA] , [GAC] , 

[ACG] , [GAT] ©T*?^"*— ££»LTHS© 
X\ [TGC] ©@^^tlfc3 7AT-(4, #3SSfSlw# 
oTE*T©R£5£ (1) lr^oT5©fn y vg? (PP 

I) *WU [CGA], [GAC], [ACG], 

[GAT] ©37ATI4^n^nn = 2. 5, 3, 2. 

o©pp ammtz, 

[0 0 5 2] 

d NMP) +nPP i ( 1 ) 

■C«.ofc&#fcd ATP^bP i &jggf$1$:Td ADP 

(0 3 (e) ) „ 
[0 0 5 3] #=7Atr/y-feDdf-^-— g (AfrWl-14 
^UtD+f-tMftt'-X) J: 9, 

e*T©£j£o£ (2) l:ftoT37A|»il:j8ei,tv>5d 
ATPHPi #igif-f 5. 
[0 0 5 4] 

-R** (2) 

(f) ) . 

[0 0 5 5 J 

-fiDS* (3) 
fi[WT©»a?©irft3tfllf-Sr 7 -f A- 7 Srif-fr tiri? 
Hfe*aS^g3 0i, Hfe«i31Sfi3 0*»e) 

©m-§-iwS^v^-r, ©r^=fyxA^j:?>^ 

ffiSKD&mZ&lfet 5 =» V fa - 9 4 0 i $ H 

TV^5 0 r©J;5*^»JfiSIE?!l*^firt{cdE-+lf7 
y-Xu-hCA5rESUfc^, 3 7A|:/u-/7i7- 

rirlwit? (03 (g) ) , UT<0 (^->7 = 7-ifS 
JS) K/Sit (4) lw^oTATP©l:Jrit0iJL^3fe* 

t#bH5 (03 (h) ) . 
[0 0 5 7] 



+ PP i +C0 2 (4) 
P P i ©fllcit^L, P P i ©fi»4#3SS(SUfcffiS© 



(7) 



0 3 9 9 8 



■4b9Lfc0OWUIi9lft£3l|tlrJ:9. £ 
W*+tf7j»-yu-hCASr««+4itf. B95 (a) 

-7*U- hCAW = 7AF*3<07'7l'v-tEJlJli, flfjj£ 

[005 8]tm. [TGC] ,- tCGA] , [G 
AC] , [ACG] , [GAT] => 7-4^14, 
%yt&5, 2. 5. 3, 2;_0O«3t*«HS$Ji5© 
T\ -ftfe£-S#t©7/U^y XAlrftoT^ftfiCO 
'>ftV ^«llrM-<5 4 T C G A C G A T 4 V > ? 7*7^ v- 

ft>\~te&fttmmx~hz><Dx\ m$m&\* [agctg 

cta] ip)fer-#5 (as (b) . 

[0 0 5 9J Z<DZ?lZ^ il^tfc7 , 7'fv-Og$Sr 

9 7 KO*BS©ttltfi3«^*ftf,fi5. $|£ 

3 ' -gccacctcgaggttaagcggga 
tatcactcagcataatcgccgcgag 

TGACCGGCAGCAAAATGTT- 5 ' 

w t- y 94 v - -> g >ott3f 4 r © 7*7 4 ■*-#» 

a 7 A tow? 7 4 $ $rfi < -f 5 - t \ z 

7 -at** 2 o«±fe StftttSSoEH * *> 5 a*ft£* 
5: 4/45pj^ T .$, 5o 

10 0 6 0] ateftftoKSRUW k itt«±* StH- 

^Tv>5^7/u=ryxAfr±9t,4i?)n« < kvs 4 
fc> ^?&^offi¥fcSa^Srff3fcfelCI4 8 m 

e r ©) *y =f* * u**. K*fctt**W*IHMWc 
h-C* 3S£©*#$©vhy y**:RfcHJ6t$ 
HKtta^-h^hftU 6 5 5 3 

[0 0 6 1 ]fcfc, =9ArtTJIBIK4aaodNTp" 
(•***>*>. dATP, dTTP, dGTP, dCT 



P) *DNA#!J>7^i?l:ttttiLT»AU 4Sgi 
© d NT p tKHBtttiMMtK* i5:tfctoW 
7-y 94 -fe'--> 3 >4c^lc#p t'n y 

&fcj;!m*»«>fc. 

[0 0 6 2] (J»«l) ±E©DNA#yy5-*fc 
i SftKSJSTit l fflo d NT P*SDNAIC® (? 
5il«Ofni>v»3jiaat1- S . «oT."#3BEJS© 
*(4iSSILT< 5fn y y«©**fc«H-*ltf*»&ii 

= + f 7 y -7* u- h ftff j?© 

Stifc , B E $:J&fcfcfc©4li**"efc3©-c, rrxi±3*ro 

T-ff^/i*^ofc 0 * ' T\ fay ✓'KwftliTx J 
5 '*7*fi£g? (APS) 4ATPf-/U7y 7— tfSrffl 
^TATPOftfc|l#lft^T^«>7i7— tflriSIDfe 

[0 0 6 3] (*mt*ft) 

«m 

7* y ir o *t— ■ te? B Jtfc-fc 7 7 n 7 t'-X 

^*y*t-gl£ftt7 7 b 7 t*-X 

ATP7/U7y7 — i?ffl)tffc-fe 7 r a 7 f-X 

A P 7;U7 7 9 -Hm&tt 7 r B 7 b'-X 

^•>7x7- fe?H3£fl7fc7r B-7t*-X 

2 2 4t^S^:l*«DNA (/7^5KW7/Wn- 

DNA/Ky p< 7~i? 

dNTPlfig ( d AT P • dTTP • dGTP • dC 
TP^-2 5/iM, 7Vu=>-7 • T'y-feB-^i om 
M, AP S 1 n mM, yu->73:y yi 00)i g/ m 1 , 
40mM-M^-M (pH7. 5) . 20mM-M 
gClj,, 5 0raM-NaCI ( 10mM-f^f^ 

[5 ' -AACAGCTATGACCATG-3 '] 
$rX-fe9, KS:/7-f^-©tt£EJiJtt:, 
[5 '-CGAGGTCGACGGTATCG-3 '] 

[0064] i lt. WMnioiksen^ trii, 

[3 '-TTGTCGATACTGGTACTAATG 
CGGTTCGCGCGTTAATTGGGAGTGA 
TTTCCCTTGTTTTCGACCCATGGCC 
CGGGGGGGAGCTCCAGCTGCCATAG 
CTATTCGAACTATAGCTTAAGGACG 
TCGGGCCCCCTAGGTGATCAAGATC 



(8) 



«#B8¥7-2 0 3 9 9 8 



TCGCCGGCGGTGGCGCCACCTCGAG 
GTTAAGCGGGATATCACTCAGCATA 
ATGCGCGCGAGTGACCGGCAGCAAA 
ATG-5 '] 

[00 6 5] 

fflUff 

ST, K»f (a~c) *3*fflftLT*fteilfcttT 

[0 0 6 6] a ) d NT Pgfj® ( 1 0 0 u 1 ) 

b) dNTP*|«jfi$: (lOO/il) « l*iDNA (2 

c) dNTPS« (1ml) . 1*^|DNA (2f = 

tit, ^iveft©i*&f 5:6 5"C, 
-MftK%fc*±TJfta«DNA#J) — t? (3i- 
7 h£*0;lT3 7t, SdlB'f^a't-hUltft 

[0 0 6 7] **vWl©ft*ff KEtT© ( 1 ~ 4 ) ©>« 
J?T#f If ftt7r n-^ f-XiSi 1 0 n 1 £j&D 
*Tf|7Wrjf#LT2 5t, SiWB-f^a^-HI. 

[0 0 6 8] 1. ^!)tnift-t'|^kt77Df- 
X 

2. y t-f if ftt 7 7 d - ^ i^-x 

3. ATP^/U7!) 7~tf@f(bfc7x n-7.t*-X 

4. AP^77^- tflf'ft-fe^rn-^lf-X 
*&<0±aK^>7x7-ifBf{fcf-X£l 0 M IAD 

OAoT^ftV^f (a) ;4»e>l4, 2 0 4. 8g>M© 
MfcO. I9xi 0^ ®<D%,m*'<^xfimW2i\, J 
'<-*7*?-f-v— ©AoTV**WMf (b) T?tt2. 0 
6X10' fi©3fe*Tv<vu;* *SffSJ $ ft, KSX7^r 
-WAoTPSStgf (c) TBI. 4 5X10'<1cd 

[0 0 6 9] +££>*>, -hi2®&&g?£©/^xy *v 

+3££l4£* 2 0 8, 1 2 7?*>5 

&£E?iJrt>f>#i*f Sfts. iot> rowyp XV if 

-> 3 ffc* P fn J) >»Wi|fflt*|4^n-eix 2 0 8, 
*34tfl 2 7 bib. ±E©mM$*l*l& 1 
3 ttXftOKHTAS Lfc** C/7-<v-cS $ Sri, 

wtnsr fcfcstLT^a. wO^i 3ffis*©iss 
14, ^vtyytymMzXZbtok^-ibiizn 



li, »WMfctt£+$X7^-©aH§lfrfcjre*atf 

u±h i®w&m<nmm h h •sss&f +$ r t a« *r 

[0 0 7 0] (ft 2 |dt0S) 1 3li£0ijT-l4, X 

7>f7-iSWW7'J^t'-/3yJtT 1 
r <r»^ 7* y *y if- •> 3 ^ir 4 9 ®Bf t f a y y& 
©*££t+SCA:lc4!), tttt&ttatt£E?U*ft£ 
+SC:i:#T-#fc„ S*7^*dNTPir/i^ 
T&8g&gE?iJ£&f+3;frfel::o^TSft!S+5. 

[00 7 1 ] (1) S+. *l3Qt«4PI«fcLT, BB 
iK^+4pfc«8©=7A£W+5;fr^tS©#7*S! 

7y-XU-hCAJdX7'C^-i LT£T©k 
(lR)HrtT*l4ATGC<O^T<Dffl^.-g-*p-frfl?3me 
r, +£*>*>, 6 4 =7 A) <DE?«^^tf^y =f^^U- 
*^K**=i7ArtK:H«+5 (0 7 (a) ) . 
[00 7 2] (2) *LT, rcDi^l-LTX^-fv- 
*5#=>7Artlr@f $ixfc^+t*7 y-XU- hCA© 
#a 7 Art (£}x.l4, [GAC] W37A) fcjfcfcKD— 
*tttt&8tt &£EW [ATCTGCT 

A] i+Sc ) £JD;i5 (17 (b) ) o r^lrj;!?, 

#37Artox7^^-iia^s?twxy ^x 

+ 3. 2fi!JtL4*»ofc»*ttS*«cft* 
LTifcvaE+ 0 -t LT, = 7 Art £14, £ATc0^y^7 
— ifSJESte ±^-/7 x 7— gRffi*SR»fcfffen5 J: 
@ajffiSr»ALTfc< (117 (c) ) . rroiia 

[0 0 7 3] (3) :^lt,©iiW!X7^v-ii 
-&Lfc#=7Alr4SW0^7t-dNTP (+4*?%, 
d AT P, d TTP, dGTP, dCTP) £DNA>tf 
5^5— tf**fe«ttfCW)«FKJra*.S (117 (d) ) . 
rtl-lritj, X7^-©5 '^P>3 '*[fi](C|4, mk 

mm<o&&m (a ; 7f=v, t ; g ; xr- 
wxu^xu X7-r^-^-^(6]#3ssf5;^i- 

5 («*Wfc|±H7 (b) »C^+) . -fljft. S3t-d 
NTPI4SE#K:«fc9 =>7Art^P,B**LT*3<. 

[0 0 7 4] -C-C, ttftSntt (W*.tf. [AGCTG 
TCA] ) 14, [TGC] , [CGA] , [GAC] , 

[ACG] , [GAT] ©X7-f ^-iS-S-LT^S© 
T-, [TGC] ©@f SHfc3 7ATIi, #KSJCtw# 
oT^7©RJ&iS (1) l:fotn=50S5tfe|« 
9ii*il5t4tt, [CGA], [GAC], [AC 
G] , [CGA] , [GAT] ©=-7i,Ti4^n^nn 
= 2. 5, 3, 2, 0©at7tfe**«*9a*it6. 

[0 0 7 5] (4) COS, *tf 7 y-XU- hCA 
SrE 8 4 9 4«KffiSE?!l^f £B©« «D B 



l ;©*+l^7!)-7'u- hCAKSbjg 
3fe*.B?.lt1-5l5i)ie)feai («*.tf. ^iry^vX) 70 
BfSDB l©-{Pi|®«c^;(tf,n-cdf+lf 7 5J-7V 
- hCAOnTixSrigtei-SCCDxUt'^^^ 1 0 i: 

(0iJx.l4\ k°-7{l4 5 0nm) <^^Sr(DEJ (c) 
•fi OlzmiilZitTlc-tt'y hCAl'BB.Iti- 

•sffi^t^oTv^. s*:, k'7 y-XU- hCA 

^eoasfSfi^TfctK mm (b) ir^-fi^ir^ 
(0|*.tf v 5 0 0nm) UU: <75 ft Srgil ft 
®jg7fc$i7 ot LTIi, mm (d) \Z7rrt£?tm 
i«£E7.kig7>X7 0 1 ^^TUi\ 
[0076] < 5 ) © J: 5 ft&Sfc&SiEjnj&Jtggrt 
t+t^y-Zw-h CARESS LfcQL aSft^ 
Ort^Wfifift (0!l;i(4\ Sf4 5 0nra) 5rJf-ft'7 

y-yu-hCAtr.BBitL, •iTt^Srm^l-^. :os 

^('ioT#e>n5^3t(SI4, 15 (a) £R«-<?*> 
tt*3tfe*^e»o***fcifc«L, 7*7 -7-145 "JS 

IC, E12lr^Lfciit)T-$).5. 

[0 0 7 7] t4fc*., [TGC] , [CGA] , [G 
AC] . [ACG] , [GAT] =7AT-|4. *tl?ti 
*3fe*5, 2. 5, 3, 2, 0<D&)ttfm&ZilZ<n 

x\ mt)Sr-*»#cor^=f y XA(r^ox^3t»o 

'Mv«;t^5iTCGACGATt^57 , 71 , v- 

tltCftffi^/iftSTfc-SroT-, [AGCTG 
CTA] fclWetfi (05 (b) ) . Sfc, iW^fc 

J: o x fc B 6 s ix$ j; 5 ft&m<o&$&®<Dig& 

[0 0 7 8] fcfc, =7Art-CHBIt4a«OSJtfe* 
— d NT P (-f-fcfc*,, — d AT P, -dTTP, -d 
GTP, -dCTP) S:DNA#J>p«7— tfSrttjBttU 
X^AU 4a^^7fe^-dNTPSrd&is)B#|rft^ 
5 1 1 \Z «fc ot/W 7* ]) ?4 if-.y 3 

[0 0 7 9] (H&0IJ2) #SfiS(6t#V^9ii*it5 
dNTPOSfiSrffo^,, DNA^y >7— tflrj;.5i$ 



(9) ft&8¥7-2 0 3 9 9 8 

KSJfcX d N T P £ D N A left 5 £ # 

U < I4^SB<D d N T P coftb 9 K*3fefe* - d NT Pl£ 
$V^ 0 dTTPi:I^tt©fc57/l'tl/yt^y-l 
2-dUTP Cbt<l4n-y5y-4-dUTP) £ 

Xi4. ft»*f^t LT8*l*:-Xfc[BJ&{fcLTftfr*fT 
[0 0 8 0] 

* h U7*hTlfS?>Htflflt»li'-X (Dy n a b e a 
d s M-28 0) 

(X77KS K<0T/Uf-^ □— = Js) 

y^-7X7^w- 

KS7°7-l'-7- 

DNA>Ky / 7— if (Amp 1 i T a q™DNA po 
1 ymera s e) 

dNTP|g®ii£ ( d AT P • d GT P • dCTP#25 
^iM^ dTTP8(iM, 7/v^- Uir^T >- l 2 - d U T 
P (t U<l4n-y$>-4- dUTP ) 2 juM, 10 
mM- by* (pH8. 3)., 1. 5mM-Mg 
CI 2 , 5 0mM-KCl, 0. 0 1%if7^» 

(1 OmM- hy^ 'tiak (pH7. 5) , 2m 
M-EDTA, lM-Na C 1 ) 
8 0%*/W; h'7k®m 

PCR/Bffififlr 

mm*? 

S1\ (a, b) ^ffllLTfct, £*fc 

KTwtw^iiix.fc, 

[0 0 8 1] a) dNTP$®f£ (50#1) . 1 *« 
DNA (lt'3tyu) , DNA#!)>7- if (l^.-*, 
b) . y ^-^7*7-1' (2f3^) 
b) dNTPg«fg (50m 1 ) , l*iDNA (1 k° 
=>*M , DNA/Ky > 7— if (lasyh) , KS7" 
7-1" (2fa^) 

»:»w, ^*9 5t (3 0#) , 41t (3 0#) , 7 

2t (5^) . roimy^fa^-htfc. 
il*>lc:4 < Clcftofc < , 

[0 0 8 2] IHt'-X (50m1) ^D^l 

f-X?r5 0 0 1 (0 8 0%*/^7J KTk^ffilrSgS 

U9 5VX'3^m4y^^~bL, imLtzftm®* 
mm Lfc. 



(10) 



ftffl¥-7-2 0 3 9 9 8 



10 0 8 3] mx/uy-izm y-t y \. 

li7/Utl/^t^><Ot&4 8 8nm > D-^*y©a 
-a 5 4 0 nmirl^fc, 7^*Uyt-f ^ioit/p— ^ 
$ >£©9&A/fc*DNA©£7fe;*'<:7 h^tr@9lw^ 

WlrttS 2 0 nmj3ilf5 8 0 nmU:*Slt<5*3fc3£g£ 
ffiv^fc. Sfc, ^fib<nik%&g. (|§3fc*) fcSlfcLfc 

V ^-^yJ -v—<0\iX\^&.%iM (a) Ti43. 
3 5 (a.u. ) Q£%ttfta!ftft$ji. 
-OXoTV^WRf (b) Ti4l. 7 1 (a. u. ) 
Silfc. a-*'? 

(a) TlilO. 10 (a.u.) O^tc^S^S 
SO^ft. K S7'7l'^-C»AoTV>5^f : (b) Ti4 

5. 2 6 (a. u. ) <o%yt&gi>mmztiit. 

[00 8 4] 2 oottas^osjfesy^tjiv^ t 
l. 981ti*ofc. J«Kfc#«b/t*3 (ttXft) o 
ifcl4208/l 2 7 = 1. 6 3T*>5*s, 
^fM-dUTP (i"*i3*>T©ttll) OSfcOJt 
fcfl-JM-*&» 1. 9 6&&9, $%S*«o£M{t£# 

[008 5] t<fH, lEt»l«tOW7 , J^ 
if > 3 J: 9 !) j; S y y -i -r-^#S6 

1-5*S©lt*tt 1 *«SOT:iibfc£Jt- d NT P frfflnfc 

[008 6] frfc, ±EHlt«fc|»ie*ix5 

[00 8 7] (r) #«EJ&fc#^iMILT< Sftftg 
[00 8 8] tf) fta^lz#i*ftKf|£*9i&fth, 
[008 9] (17) ftK&SttetftttMfcfcJt?- u-<,u 



[0090] (i) #jgsic©a^-eotw («*§■©& 

[009 1] ±IE*l*Jj:a»2HJS«-Cttvh 
[00 9 2] 

US!* U^^-ros ' *»b 3 ' *fl~©#KEJS: 

?h<»77j^~<DWm&Ttet>h7yJ-?--k&8M 
SOT. :/5-f ▼-©aUHEJUfci^feij) 

[00 9 3] Sfefc, W-W»Atr*bKrti±a*5ri: 

tft*i-5ri^prig-c*)«. rots 4, aft 

ftS*-*? 7 9-7\'-Y<n = yMzi.<}Xm%.£)n,Z ) 

[0 0 9 4] i©J:54#K»©»ai3!rffifcHt, #«£ 

»ffilft*»e,igBtLfcfn D V»cjBH-f-5ATP©yu-> 
7l 7 t?S(5Kfli 5 $§7fe*&&£ti1-3 r i: lc 4 9 7 

^tfcT^^JlJff^^U^KHy ( d NT 
P) ^DxT^^K5ri?i!lrLfc7 , 7^^-©#3gS 

witLTt4V\ lixic49, SftftfittKftlzttffl 
•f-5WT% ^Lfc77-f-v-©agt7 , 7'i'?-it 

[HScofB5*4!ftW] 

[Hi] *l§BJ^0*ffi^B|T•fflV^5dr + t•7y-y^-h 

[02] Hi <T>**( VyV-7 U-hftT'<D7yJ 
WE?!ISr^'f KUWEIT 5„ 
ID 3] *3g^©mi*liS«<7?^«i^!ftBJt.5IiiBJIllT- 

[■4 ] « 1 mmmx-m ^®im&§im%m<o® 
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[05] Hic^+t^y-^u-Miifcttaafcifc 

IS 7] *l6Wo»2Hfteaj©#flISrKWt5KWiaT 
10 8] &2g;&0!|T-ffiV>fc«i&£SE?iJfc]£ggro& 
[H19] »2Htt«T»]tbfc*3t5'<yH,fcDNA*> 



[DlO] ft&WSBHfcSrlft^Sfca^SMT-ife 
[ftf-coKE] 

CA"*tf7!)-/l/-l« 1 DB, DBl-BHB, 1 

o-ccD*y?, 20-mui. 3o-Bfttegs 

S. 4 0-3VtTa-^. 5 0-WB*a»7<fA'*, 
6 0-^3fe®ii7^yu^. 7 0-Sjjg#«f, 7 0 1-j@ 



[02] 



CAA 



j sf 


]S1 


i sf 


i s f 


j sf 


jsf 


js f 


Mf 


AAA 


AGA 


T A A 


TGA 


G AA 


GGA 


CAA 


CGA 


A AT 


AGT 


TAT 


TGT 


GAT 


GGT 


CAT 


CGT 


AAG 


A6G 


TAG 


TG(? 


GAG 


GGG 


CAG 


CGG 


AA C 


AGC 


TAC 


TGq 


GAC 


GGC 


CAC 


CGC 


ATA 


ACA 


TTA 


TCA 


GTA 


GCA 


CTA 


CCA 


ATT 


ACT 


TTT 


TCT 


GTT 


GCT 


CTT 


CCT 


ATG 


ACG 


TTG 


TCG 


GTG 


GCG 


CTG 


CCG 


ATC 


ACC 


TTC 


TCC 


GTC 


GCC 


CTC 


CCC 



*r?C5V-7l-W€l>R -(DBS 




-30 



DB— 




-40 




Id) 



i 



- BBUf-X 



(e) 



mm*) 



1 



PPij&M 



(ATPfi££) 



,1 P- 



HI 



(h) 



(*}feteSXB) 
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[05] 



me] 



lo) 



(GAT) (CGA) 



O O Q O O O 



0 o o o o o 
o o ;a^o~o^~o 
o o o o o o 
o o o o o o 

:0^-0 00 0 

oooooo' 



1GAC) 



(ACG) 



:g) 



1 b) AGCTGCTA 

(TCG) (CGA) (GAC) [ACGJ (CGA] (GAT) 



i 



o 



0 GAT 

1 <# G 

5 TCG 

TCGACG AT 

AGCTGCTA 



3 , ^CCACCTCeAGGTTAAGC€G6ATA^C«Ta€CATAAT6C€CGCSAGTeftCCCGaGCAAAATG^'5 , 



*** 



5 -TTTTACAA-3' 
5* -GTTTTACA-3 1 
S'-CGTTTTAC-S' 
5' -TCGmTA-3 1 
5' -CTCGTTTT-5 1 
e'-CGTCCTTT-s' 
5' -CCGTCGTT'3' 
S'-GCCGTCGT-i' 
5' -GGCCGTCG-S 1 
5* -TGGCC6TC-3' 
S'-CTGGCCGVS* 

s'-AdGGCCG-y 



5' - CGGTGGAGCTCCAATTC6CCCTATAGTG AGTCGTAnACGCGCGCTUCTGGCCGTCGnnACAA-j' 
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5.Ch 



500 



[09J 




550 



600 



3l fi (™n) 



13.0 



650 



11 0] 



TTAGCTCA 



TAGCTCAT 



CTCATATC 




CATAT 



'AGCTCATA 



TTAGCTCA 
TAGCTCAT 
AGCTCATA 
GCTCATAT 
CTCATATG 



TTAG CTCATATG 
AATCGAGTAGAC 
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